February 27, 2013 §1. OBJECTIVES The primary objective of this work was the development and application of a biologically inspired multi-disciplinary design optimization methodology for bridging the chasm between the conceptual design and the detailed design phases. §2. MAIN ACCOMPLISHMENTS 1. Concurrent Sub-System Placement and Topology Optimization In this project we developed a methodology that can simultaneously optimize the sub-system placement and the topology of the structure around it. To the best of our knowledge, this is the first methodology to accomplish this goal. The results of the methodology applied to optimize the mass of a structural component for a satellite under idealized launch conditions illustrate the methodology.
Satellite Panel Design
The structural component to be optimized is shown in figure 1 as well as the subsystem in place. This structural component is designated as the nominal zenith deck or simply the top deck. The panel (or deck) is part of the satellite structure and is connected to 8 ribs for structural support. The subsystem in this case is an Inertial Measurement Unit (IMU).
((a)) deck is represented at the top of this figure ((b)) top deck, the ribs and the subsystem with transparency seen from "bellow" The geometry of the deck is shown in figure 2 . This geometry consists of an octagon with an internal rectangular area whose structural elements cannot cross. The top deck will be structurally optimized to minimize its mass while keeping the structural constraints which are given from the structural requirements for the satellite. The maximum displacement of the shell is to be 1 mm. Using a safety factor of 1.5 this requirement is changed to 0.5 mm (or 500 µm) of maximum displacement. The stresses should be within the allowable range, that is, bellow the yield stress of the material to be used. In this case the material used is the Aluminum Alloy 6061-T6 that is known to have high strength and good workability. This alloy has an yield strength of at least 241 MPa and an ultimate tensile strength of 290 MPa 1 . Using the same safety factor of 1.5 we get a yield of 120.5 MPa. Table 1 has the material properties for this alloy.
The design parameters for this work are: parameters (topology); plate thickness for the subsystem region; plate thickness for the main region of the panel; the side length of the external beams; and the side length of the internal beams and the sub-system placement. The boundary conditions are defined to have the eight vertices of the initial map (the octagon) fixed and the boundary edges are free.
There are essentially two structural types used in the panel: the shell and the beams. The shell can be divided in two segments, the one called the main shell that is the main structural support of the panel excluding the subsystem component, and the other is the subsystem component itself -also referred as the subsystem shell whose thickness can be different from the main shell. All components of the panel are built with the same material.
The beams are placed on top of the main shell and their placement is dependent on the map generation algorithm, which in turn is dependent on the genes. Figure 3 shows an example of the development stages for the map generation algorithm for this panel. The beams are divided in two categories, the internal beams and the external beams. The internal beams are all the newly created beams during the topology development process and the external beams are the ones that define the original map. All beams will have a square cross section but this section may differ according to the side length of the beams.
The analysis is done using the software for topology optimization developed for this work and is written in MATLAB and COMSOLscripting languages. The scripts uses a set of global physical constants that are presented in table 2. It is important to note that these constants are used as the physical setting of this specific problem. There is another set if important global constants that determine the division criteria. These are the minimum length of the edges, defined to be 2% of the characteristic length of the panel (that is approximately 0.6 m) and the minimum area possible for a cell that is defined to be 2% of the characteristic area of the panel (that is approximately 0.28 m 2 ) and the minimum angle is set to be 10 deg to avoid sharp angles when creating the mesh in the FE method. A change in these values might lead to different results than those presented in this work.
Optimization Run
Several optimization runs were undertaken with a population of two hundred individuals and for one hundred generations, the equivalent to 20,000 individuals were evaluated. Table  3 lists a sample of the the results of the optimization runs using a reference mass of 9.0 kg for the fitness calculation. The stress levels obtained are much smaller than the yield stress for this alloy which makes it a non-critical criteria so the displacement becomes a more important criteria to follow. For more details refer to the figures 4, 5 and 6. These figures show the evolution of the various topologies for the different optimization runs. The results show the lowest mass to be 1.280 kg. This is a significant improvement when compared to the reference uniform thickness plate. 
MAV Design
The design of MAVs using the methodology allowed for integrated designs of wing topology 
